Two herpes-like viruses were isolated from capuchin monkey (Cebus apella) brain and (Cebus albifrons) spleen cell cultures, respectively. Both isolates induced similar cytopathic effects consisting of rounded and ballooned cells in the original monkey cell cultures and in a wide range of permissive cell types. Neutralizing antibody to each virus was present in serum from the capuchin monkey from which it was isolated, but the two viruses did not cross-react by neutralization. Fluorescein isothiocyanate conjugates of hyperimmune rabbit serum to one of the isolates showed an antigenic cross relationship between the two isolates. By electron microscopy, herpes-like virus particles were observed in the nucleus and cytoplasm of infected human diploid fibroblast cell cultures. Virus-infected cell cultures stained with acridine orange revealed small deoxyribonucleic acid-containing intranuclear inclusion bodies. Both viruses were inhibited by 5-fluorodeoxyuridine and inactivated by chloroform or exposure to 56°C for 30 min. Antisera prepared against 16 prototype herpesviruses and cytomegaloviruses did not neutralize approximately 100 50% tissue culture infective doses of either capuchin isolate. Neutralizing antibody to the capuchin isolates was detected in sera from 8 of 17 capuchin monkeys but not in sera from 16 humans, 15 chimpanzees, and 10 spider, 6 rhesus, and 5 squirrel monkeys.
Two herpes-like viruses were isolated from capuchin monkey (Cebus apella) brain and (Cebus albifrons) spleen cell cultures, respectively. Both isolates induced similar cytopathic effects consisting of rounded and ballooned cells in the original monkey cell cultures and in a wide range of permissive cell types. Neutralizing antibody to each virus was present in serum from the capuchin monkey from which it was isolated, but the two viruses did not cross-react by neutralization. Fluorescein isothiocyanate conjugates of hyperimmune rabbit serum to one of the isolates showed an antigenic cross relationship between the two isolates. By electron microscopy, herpes-like virus particles were observed in the nucleus and cytoplasm of infected human diploid fibroblast cell cultures. Virus-infected cell cultures stained with acridine orange revealed small deoxyribonucleic acid-containing intranuclear inclusion bodies. Both viruses were inhibited by 5-fluorodeoxyuridine and inactivated by chloroform or exposure to 56°C for 30 min. Antisera prepared against 16 prototype herpesviruses and cytomegaloviruses did not neutralize approximately 100 50% tissue culture infective doses of either capuchin isolate. Neutralizing antibody to the capuchin isolates was detected in sera from 8 of 17 capuchin monkeys but not in sera from 16 humans, 15 chimpanzees, and 10 spider, 6 rhesus, and 5 squirrel monkeys.
Reports from other laboratories have described the isolations of 19 herpesviruses from 10 species of old-and new-world monkeys (1, 11, 15) ; several of these viruses induced acute encephalitis and neoplastic disease in experimentally inoculated animals (19, 20, 28) . Nuclear inclusions resembling those produced by cytomegalovirus have been observed in the salivary glands of the capuchin monkey Cebus fatuella (8) , but until recently no virus of the herpes group had been isolated from the capuchin monkey. In this report we describe the isolation and characterization of two herpesviruses from capuchin monkeys. By neutralization procedures these viruses were antigenically distinct from each other, as well as from other simian and human herpesvirus types tested.
MATERIALS AND METHODS Explant culture preparation. Cortical brain tissue taken at necropsy from capuchin monkey AP-18 was minced into small pieces and explanted into Falcon flasks as previously described (26 was fragmented with forceps and explanted into 60-mm Falcon plastic tissue culture dishes containing 3 ml of W/05 medium (7) . The cultures were incubated at 35°C in an atmosphere containing 5% CO2, and fluids were changed twice weekly using Eagle minimal essential medium supplemented with penicillin (100 U/ml), streptomycin (100 ,ug/ml), and 20% fetal bovine serum inactivated at 56°C for 60 min. When the cell monolayers were about 75% confluent, the cells were treated with a mixture of 0.05% trypsin and 0.02% ethylenediaminetetraacetic acid and subcultured into new flasks (21) .
Viruses. Undiluted cells and supernatant fluids from the capuchin monkey cell cultures were inoculated into human foreskin (MA-184) cell cultures. MA-184 tissue culture stationary tubes were routinely used for preparation of virus pools and for viral infectivity titrations.
Other viruses used in this study were: herpes simplex virus (Mayo-1814 strain), vesicular stomatitis virus (Indiana strain), poliovirus type I, vaccinia virus (Wyeth strain), parainfluenza virus type I (HA-2 strain), measles virus (Ostereich strain), adenovirus Pan 7 (4), and simian foamy virus type 7 (13) .
Tissue culture studies and media. Center. Rhesus monkey fetal lung cells were established in our laboratory. Human embryonic kidney and primary rabbit kidney were maintained with basal medium of Eagle supplemented with penicillin (100 U/ml), streptomycin (100 ,ug/ml), and 5% fetal calf serum inactivated at 56°C for 60 min and were fed twice weekly. All other cell lines were maintained in Eagle minimal essential medium supplemented with penicillin (100 U/ml), streptomycin (100 A.g/ml), and 2% inactivated fetal calf serum.
For plaquing studies, 35-mm Falcon petri plates containing confluent WI-38 cells were inoculated with 0.5 ml of serial 10-fold dilutions of AP-18 and AL-5 isolates. Plates were incubated at 35°C for 1 h (shaking at 15-min intervals); the inoculum was removed and the plates were overlaid with 0.75% Methocel (24) . Cell monolayers were fixed, stained with Giemsa, and examined for plaques at 5-, 7-, and 10-day intervals.
In vivo studies. Litters of 2-to 3-day old, generalpurpose NIH Swiss albino mice were inoculated via the intracerebral (0.02 ml) or intraperitoneal (0.05 ml) routes with 104-5 50% tissue culture infective doses (TCID50) of the capuchin isolates per ml and observed for 9 months for overt signs of clinical disease. Mice were bled out, and the terminal sera were tested for neutralizing antibody to AP-18 and AL-5 viruses. Three neonatal guinea pigs were injected in the footpad with 0.2 ml of undiluted virus, held for 1 year, and autopsied. The scarified corneas of three rabbits were infected with undiluted virus, and the animals were held for 1 year and autopsied. Terminal sera were tested for neutralizing antibody to the AP-18 and AL-5 viruses.
Nine-day-old embryonated hens' eggs were inoculated via the allantoic and amniotic cavities, the yolk sac, and the chorioallantoic membrane. Allantoic and yolk sac fluids and chorioallantoic membranes were harvested on days 3, 5, and 7 and inoculated into stationary tube cultures of MA-184 cells. Sera from chickens inoculated during gestation were collected 2 days after hatching and tested for neutralizing antibody to the AP-18 and AL-5 viruses. Physicochemical characterization. To determine the size of the viral isolates, supernatant fluids from AP-18 and AL-5 virus-infected cell cultures were spun at 1,000 rpm and filtered through type HAWP450, GSWP220, and VCMP100-mm membrane filters (Millipore Corp., Bedford, Mass.) (6) . For electron microscopy studies, virus-infected and control MA-184 cell cultures were detached into the medium with a rubber policeman. The suspended cells were pelleted by centrifugation, fixed in 2.5% glutaraldehyde for 30 min, and suspended in Millonig's buffer (22) . The cells were postfixed in 1% buffered osmium tetroxide for 1 h, dehydrated in graded ethanol, and embedded in an epoxy resin (Epon-Araldite) mixture. Ultrathin sections stained with uranyl acetate and lead citrate were examined with an electron microscope (AEI-Corinth).
Viral sensitivity to 5-bromo-2-deoxyuridine (BUdR), 5-fluoro-2-deoxyuridine (FUdR), chloroform, and temperature was determined by methods previously described (5, 10, 12, 29) . Aminopterin (Lederle Laboratories) was used at a 6 x 105 M concentration in W/I5 medium lacking folic acid, hypoxanthine, thymidine, and fetal bovine serum;
either BUdR or thymidine, respectively, at a final concentration of 6.4 x 10-2 M or 10-5 M, was also incorporated into the medium (7) . Standard viral hemagglutination and hemadsorption assay techniques were used (27, 32) . To test for the presence of inclusion bodies, 75-cm2 Falcon flasks of WI-38 cells inoculated with either the AP-18 or AL-5 virus were fixed in absolute methanol at different stages of cytopathic effect (CPE) and were stained by a modification of the acridine orange technique (18) .
Serology. For the preparation of hyperimmune sera, rabbits were injected with undiluted virus in interdigital spaces (1.0 ml) and interscapularly (1.0 ml) (9) . Starting at day 21, rabbits were given booster injections intravenously with 1.0 ml of undiluted virus at weekly intervals for 5 weeks and were exsanguinated 2 weeks after the last intravenous injection. Fluorescein isothiocyanate conjugates were prepared from the hyperimmune rabbit serum using standard methods (6a). Fluorescent antibody studies were conducted according to the method of Theil and Smith (30) .
Standard herpesvirus neutralization tests were performed using 100 TCID5/, of the AP-18 and AL-5 viruses, respectively, and serial twofold dilutions of sera inactivated at 56°C for 30 min (31) . Serum from rabbits hyperimmunized with the AP-18 and AL-5 viruses was tested for complement-dependent neutralizing activity as described by Anderson (2 (Fig. 1) .
Both isolates induced CPE in human skin and muscle, fetal brain, lung, embryonic kidney, and foreskin, in squirrel, African green, and rhesus monkey fetal lung, and in horse testes, rabbit kidney, and whole mouse em- Table 1 . As determined by filtration procedures using Millipore filters, both AP-18 and AL-5 viruses range in size between 100 and 220 nm in diameter. These data were confirmed by electron microscopy, in which enveloped particles 180 nm in diameter, morphologically similar to herpesviruses, were observed in the cytoplasm and on cell surfaces. Numerous cores 80 nm in diameter and capsids 100 nm in diameter were observed in the nuclei of infected cells. The majority ofthe capsids had an electron-lucent core, and a few particles were seen in the perinuclear space where herpesviruses are usually observed budding into the cytoplasm (Fig. 2) .
The AP-18 and AL-5 viruses were resistant to treatment with BUdR (6.4 x 10-2 M), whereas BUdR-treated herpes simplex virus displayed a 1.8 log1, inhibition, which was completely reversed by the addition of thymidine. The vesicular stomatitis virus control was unaffected by treatment with BUdR.
Treatment with FUdR (10-2 M concentration) resulted in a 1.5 log,(, inhibition of the AP- 18 isolate, a 3.0 log,,, inhibition of the AL-5 isolate, and a 1.3 log10 inhibition with herpes simplex virus. The addition ofthymidine significantly reduced this inhibition. Vesicular stomatitis virus control was not inhibited by FUdR.
Since it was suspected that the isolates lacked a means of phosphorylating the BUdR, another inhibitor, the folic acid antagonist aminopterin, was used to account for AP-18 and AL-5 BUdR resistance. Aminopterin plus BUdR were inhibitory, whereas aminopterin plus thymidine or BUdR alone were not.
Chloroform treatment completely inacti- Intranuclear inclusion bodies of the herpesvirus type were observed in WI-38-infected cells after staining with acridine orange. Their presence was not detectable until approximately 50% of the cells showed CPE, and as the CPE progressed all cells appeared to contain these deoxyribonucleic acid bodies (Fig. 3) .
Serological properties. Serum from capuchin AL-5 completely neutralized the AL-5 isolate at a 1:16 dilution, and serum from capuchin AP-18 completely neutralized the AP-18 isolate 
DISCUSSION
The size and morphology of these isolates, their sensitivity to temperature, chloroform, and FUdR, and the presence of deoxyribonucleic acid-staining nuclear inclusion bodies identify them as members of the herpesvirus group. The distinction between herpesviruses and cytomegaloviruses is still an arbitrary one at best. Several reviewers have attempted to define the differences between these two subgroups (14, 23, 33) . Plummer et al. (25) found no difference in the deoxyribonucleic acid density or behavior in tissue culture of 14 herpesviruses representing both subgroups. Using the criteria of Hsiung et al. (14) for the division of the herpesviruses into groups A (herpesviruses) and B (cytomegaloviruses), these isolates appear to fit into group A on the basis of particle size and into group B on the basis of absence of pocks on chorioallantoic membranes. The distinction is less clear when one considers the criteria of virus maturation and release. In early passages in MA-184 cells, the isolates matured and were released slowly, but by passage 6 complete destruction of the MA-184 cell sheet occurred within 48 h. The characteristic swelling of cells and large intranuclear inclusions associated with cytomegaloviruses were not observed, but, rather, small intranuclear inclusions reminiscent of herpes simplex virus were present. In view of these differences, the two capuchin monkey isolates are referred to as "herpes-like" viruses rather than being identified as belonging to either the herpesvirus or cytomegalovirus subgroup.
It is interesting to note that neither isolate is sensitive to BUdR but both are inhibited by treatment with FUdR. When the endogenous synthesis of deoxythymidine 5'-monophosphate is inhibited by FUdR, the growth of the virus becomes dependent on externally supplied deoxythymidine as well as on uridine. Since it is suspected that the AP-18 and AL-5 isolates lack the thymidine kinase gene, they cannot utilize external deoxythymidine and thus are inhibited by medium containing FUdR. To explore this possibility, another inhibitor, the folic acid antagonist aminopterin, was utilized. Since aminopterin blocks the de novo synthesis of deoxyribonucleotides, this inhibitor "forces" the cell to utilize "scavenger" pathways for thymidine 5'-triphosphate production by phosphorylation of thymidine (16) . Without drug inhibition, the BUdR may not be phosphorylated and incorporated into virus nucleic acid, owing to de novo thymidine 5'-triphosphate production and a low-level host cell thymidine kinase gene. By adding aminopterin, host cell thymidine kinase activity rises (16) , and one would then expect inhibition by BUdR. Aminopterin plus BUdR did inhibit the AL-5 isolate (3.71 log10), whereas aminopterin plus thymidine did not, indicating that aminopterin alone does not affect viral replication. Consequently, it is suspected that the isolates are deficient in thymidine kinase activity, but this assumption warrants further investigation. Differences in thymidine kinase-inducing ability have previously been noted for certain members of the herpesvirus group (17) .
In summary, these two capuchin monkey virus isolates appear to be new additions to the herpesvirus group. Furthermore, the two viruses are species specific, since neutralizing antibodies to the isolates were detected only in capuchin monkey sera.
